Dementia is a term used to describe a constellation of behavioural signs and symptoms of intellectual dysfunction due to widely varying aetiologies and dependent on separate neurophysiological mechanisms. Analyses of the patterns of disordered behaviour in demented patients may lead to an understanding of the underlying pathophysiological processes and may indicate potentially useful forms of treatment for the dementias.
Treatment with anti-Parkinsonism drugs (not including L-dopa) had been unsuccessful.
General physical examination on admission was normal. Pertinent neurological findings at that time were as follows. Testing of mental status showed a facial expression of continuous smiling with occasional outbursts of crying; a moderate deficit in recent and remote memory; poor calculating ability; poor abstracting ability. No language (aphasic) or agnosic abnormalities were noted. Speech, however, was quite dysarthric, with an element of festination. Cranial nerves were normal except for those controlling conjugate gaze. There was a marked limitation of voluntary conjugate gaze in all directions, with vertical movements in either direction being more impaired than lateral movements. Vestibuloocular reflexes were preserved. Motor examination revealed normal bulk and strength of muscles with no abnormal involuntary movements. Mild to moderate increase in tone, bradykinesia, and cogwheeling were noted. Deep tendon reflexes were hyperactive in all four extremities. Bilateral grasp, snout, and palmomental reflexes were present. Sensory examination was negative. Cerebellar testing revealed a mild degree of truncal ataxia. Gait was festinating, with marked propulsion and retropulsion.
Blood, urine, and cerebrospinal fluid (CSF) studies were normal. Radiographs of the chest and skull were negative. Electroencephalography (EEG), brain scan, and radioactive iodinated serum albumin (RISA) study were all normal. Pneumoencephalography revealed moderate dilatation of the third and lateral ventricles. The tentative diagnosis of progressive supranuclear palsy was made and a therapeutic trial of L-dopa was started. There was no effect from the drug, and therapy was discontinued.
During the next one and a half years C.S. was evaluated by approximately 10 other neurologists in the greater Boston area, all of whom concurred with the diagnosis. His course was one of steady progression of all the neurological signs and symptoms observed on the first admission. Rigidity of all muscle groups, smoothly continuous throughout passive movement, was the major additional observation. C During the following year a mild to moderate progression in neurological symptomatology was noted. She also started to manifest changes in personality, alternating between periods of indifference and of irritability. Memory loss became apparent; and she was readmitted in May 1972 for evaluation of her dementia.
Medical and neurological examinations were little changed from previously. Evaluation of mental status revealed an awake, generally placid or apathetic woman who reacted in a seemingly angry manner to the examiner's attempts to question her. Despite her apparent anger, she could nonetheless be coaxed to cooperate. Digit span was 6 forward. Questions designed to test recent and remote memory led to the following situation: either she refused to answer, or she answered incorrectly. However, when the examiner waited, either silently or with attempts to encourage her, for longer than normal waiting periods (even as long as four to five minutes for a single question) she then gave the correct answer to 70-80% of the questions. This indicated that her stock of knowledge was not as impaired as one might otherwise have concluded. Rather, she was delayed in reaching into this stock for the correct answer. Tests of language and gestures revealed no aphasia or apraxia. No inattention or primary perceptual problems were seen. Proverb interpretations tended to be concrete. Her ability to find the categorical similarities between similar items was impaired. Her Verhaart ( There was a trace of sialorrhoea with pooling of saliva in the posterior pharynx. Cranial nerves were normal. There was cogwheel rigidity in both arms which increased with concomitant exercise of the opposite arm. Muscle bulk and strength were normal, but there was a decrease in speed of movement. The reflexes were hyperactive on the right compared with the left. Plantar responses were flexor on the left and equivocal on the right. Sensation and coordination were normal. It was felt that an extrapyramidal syndrome was present and treatment with amantadine was instituted.
She was followed up at regular intervals during the next 18 months. In March 1971 L-dopa therapy was started. All signs and symptoms slowly progressed.
In June 1972 the following additional features were noted. There was mild rigidity of her neck muscles on passive motion. Her handwriting was slower and smaller than on previous examinations, but no tremor was present. There was marked limitation of upward and downward gaze, with slow eye movements, and slight limitation on lateral gaze. Twenty-six cases reported 'slowness ofthought processes' or other similar phrases. Tasks requiring verbal manipulation or perceptual-motor skills would be performed incorrectly only if the examiner used as a criterion the 'normal amount of time' ordinarily used to perform the task. As was seen for memory, tasks requiring verbal or perceptual-motor agility could be performed adequately if the subjects were given more than the normal amount of time. One of our patients remarked, 'You're coming at me too fast, I need more time to put things together.'
Twenty-four cases in the literature described a 'personality or mood change'. These changes seemed to fall into two major categories. One category grouped the reactions of indifference, apathy, or depression; this group was by far the larger. The other category included progressive irritability and/or euphoria. Inappropriate, 'forced' laughing or crying appeared intermittently in 14 cases. Brief outbursts of rage behaviour, even in the patients who were generally apathetic or depressed, were not infrequently reported.
Finally, a small number of patients (nine cases) were reported as having impairments of calculating ability or ability to deal with abstract material-functions which could properly be placed in the general category of impaired ability to manipulate acquired knowledge.
Strikingly, little mention is made in any of the case reports of those defects considered to be in the category of the 'higher cortical functions'. There are no instances of aphasia, agnosia, or apraxia described. The verbally-mediated activities and perceptual-motor skills appear relatively well preserved, although slowed down in keeping with the general bradykinetic state of these patients.
DISCUSSION

DEMENTIA OF PROGRESSIVE SUPRANUCLEAR PALSY
A composite clinical profile can be developed, characterizing the dementia of progressive supranuclear palsy. The patient is often a male in his early 50s. He may have (1) forgetfulness, (2) slowness of thought processes, (3) alterations of personality with apathy or depression; occasionally with irritability or euphoria, with inappropriate laughing or crying, and with brief outbursts of rage, (4) impaired ability to manipulate acquired knowledge-for example, poor calculating and abstracting ability. Underlying these clinical abnormalities seems to be an excessive time delay in the carrying out of intellectual functions. Verbal and perceptualmotor capacities may be strikingly preserved if the patient is given sufficient time to respond.
Progressive supranuclear palsy is a disease with a known subcortical pathology involving, in particular, the pallidum, red nucleus, subthalamic nuclei, midbrain reticular formation, substantia nigra, locus coeruleus, superior colliculi, vestibular and dentate nuclei. In these regions nerve cell loss, gliosis, neurofibrillary tangles, and granulovacuolar changes have been noted (Steele et al., 1964 Stern (1939) described a dementing syndrome associated with bilateral symmetrical degeneration of the thalamus. This patient's symptoms were 'lack of memory and orientation, a tendency to perseveration, and changes in personality such as inertia and complete lack of initiative'.
Even before Stern, case reports appear in the literature describing dementia in the presence of non-cortical brain pathology-for example, olivopontocerebellar degeneration (van Bogaert and Bertrand, 1929; Bogaert, 1946) ; progressive pallidal degeneration (Winkelman, 1932) . The specific symptoms listed for these dementing syndromes include 'disinterest; then, a slowing down of intellectual activity; next, a rapidly developing confusion, and incoherent agitation'. Williams and Pennybacker (1954) , in a study of 180 patients with verified intracranial lesions, conclude that 'memory impairment is most common and specific when the area surrounding the floor and walls of the third ventricle is disturbed'. In a study on the natural history of Parkinson's disease, Pollock and Hornabrook (1966) report a 20% overall incidence of dementia. In describing the dementia of Parkinson's disease they refer to Mjones (1966) who reported 'an impairment of their intellectual functions in the wider sense with immediate memory and thought processes particularly impaired'.
The recent monograph on the WernickeKorsakoff syndrome by Victor et al. (1971) has clear descriptions of mental disturbance. In the chronic stage of the illness, the patients were apathetic but subject to short outbursts of irritability or anger. Memory was impaired; but 'vocabulary and general facility with language' were well preserved. No apraxia, agnosia, agraphia, or constructional defects were observed. The memory defects were correlated with lesions of the dorsomedial nucleus of the thalamus, the medial pulvinar, and the mamillary bodies. The apathetic state was attributed to a functional derangement in the thalamus.
We have seen that bradykinesis, manifesting itself in aspects of intellectual as well as motor functioning, may be associated with subcortical dementia. An extreme form of this bradykinesis may be seen in akinetic mutism. This syndrome, as has been shown by Segarra (1970) , may occasionally result from a small, midline, butterfly-shaped lesion at the thalamomesencephalic junction. He suggests that in these cases the severe behavioural disturbance of akinetic mutism may result from a disconnection or deafferentation of thalamic nuclei from ascending midline mesencephalic reticular impulses.
In recent years a growing awareness of the functional interdependence of cortical and subcortical structures has developed (Bell, 1968) . Arousal, the ability to maintain a state of wakefulness, and the smooth timing of motor activity are some of the elements necessary for normal behaviour which are dependent on thalamic and reticular activating nuclei and connections (Jasper et al., 1958; Purpura and Yahr, 1966) . Riklan (1972) , in his studies of levodopa and the subcortical control of human behaviour, emphasizes the role of 'behavioural activation' on patient performance. Such 'behavioural activation' can be induced by electrical stimulation of the thalamus and reticular activating system (Lindsley, 1958) . If neuropharmacological and electrical techniques of subcortical stimulation can 'activate', it would not be surprising that lesions in these same structures might 'de-activate'. We might speculate that disorders of timing and activation, resulting from lesions in thalamic and subthalamic nuclei, the reticular activating system, and their connections, could be at the basis of the pattern of dementia we have observed in patients with progressive supranuclear palsy.
From these various studies, a consistent pattern emerges-a pattern of dementiacharacteristic of various neurological syndromes which all have a subcortical pathology. These subcortical dementias are characterized by (1) some form of memory defect, (2) a general slowing down of intellectual activity, (3) alterations of personality-typically, inertia or apathy; occasionally with episodic irritability, (4) impaired ability to manipulate acquired knowledge. This typical pattern of dementia associated with varying subcortical syndromes is the same as that associated with progressive supranuclear palsy.
CORTICAL DEMENTIA The cortical dementias result from a group of different diseases which produce the signs and symptoms of dementia because of cerebral cortical lesions or dysfunction. The signs and symptoms can be grouped into two major categories: (1) languagedependent activities, (2) perceptual or perceptualmotor skills. Ordinarily, more than one type of disturbance is present for each category. The review by Hecaen (1969) details the defects which, in general, include the aphasias, apraxias, and agnosias, plus verbally-dependent memory problems.
A special theoretical problem arises from consideration of the intellectual impairment after frontal lobe disease that does not affect the language areas. Disturbances of frontal lobe activity result in a clinical picture which is remarkably similar to that of the subcortical dementias. The extensive review by Benson and Geschwind (1972) of disorders of mental status associated with frontal lobe pathology reports on frontal head injury, psychosurgery, and frontal brain tumours, plus several other neurological disorders primarily affecting the frontal lobes. As with the subcortical dementias, the signs and symptoms most frequently cited are emotional and personality changes, forgetfulness or memory disturbances, and loss of 'abstracting ability'. We may add to these observations the descriptions of pseudobulbar palsy resulting from bilateral frontal lobe pathology (Benson and Geschwind, 1972) . A disturbance in the control of behaviour-a lability of emotional expression with forced laughing or crying-is a characteristic finding; again, this is a common feature of the subcortical dementias.
The explanation for the similarity of clinical characteristics between the frontal lobe syndromes and the subcortical dementias can only be speculative. Nauta (1971) indicates that the frontal lobe disorders are characterized primarily by a disturbance of behavioural programming. He adds that patients with frontal lobe pathology are unable to maintain their behaviour with a normal 'stability-in-time'. Luria and Homskaya (1964) stress the dissociation of verbal signals from the subjects' actions in frontal lobe diseases. We have already pointed out that in the subcortical dementias, while verbal processing seems intact, there is an abnormal time delay in associating verbal input with response.
It is not surprising that frontal syndromes and the subcortical dementias should be similar, given their anatomical connections. According to Nauta (1971) 
